Abstract: An alternate approach is presented for the prediction of induced surface currents on perfect electric conducting (PEC) circular cylinders of large radius by observation of the asymptotic behaviour of the Fock currents. The currents are separated in the fashion of the physical theory of diffraction in terms of a uniform or physical optics component and a nonuniform or diffraction component which is highly localised to the shadow boundary. The approach can be extended to that of a general convex surface by application of known methods such as incremental-length diffraction coefficients. The case of the 2D PEC circular cylinder at normal incidence is developed first and then extended to that of oblique incidence analytically. The resulting expressions for the induced current are algebraic and are shown to be highly accurate for cylinders having radii of curvature larger than a wavelength. Total near-fields generated by this macromodelled current are in good agreement with those of the exact solution everywhere.
Introduction
Owing to the ever increasing demand for wireless systems, development of accurate propagation models have attained significant prominence over the past decade. Many natural terrain features exhibit both curved and doubly curved surfaces. Ridge lines in mountainous areas exhibit the features of a long curved cylinder which is essentially infinite in one dimension at high frequencies. These lines may be the result of the natural formation of the mountain chain or a feature of erosion. Geologically recent mountain chains, while exhibiting sharp-edged features, still have electrically large radii of curvature even in the HF band. This indicates that diffraction from curved surfaces, as opposed to knife-edge diffraction, is the appropriate prediction tool.
While the exact solution for a circular cylinder is known [1] , the convergence properties of the resulting eigenseries deteriorate as cylinder radius increases, making it impractical for problems of large electrical size and thus alternate solutions are sought. The convergence properties of this series can be improved by applying a Watson-type integral transform [2] and the resulting expressions are the basis for many of the high-frequency techniques in use.
Current high-frequency methods for the prediction of scattering and diffraction from convex surfaces can be divided into two categories, those which are valid away from the surface (geometrical/uniform theory of diffraction (GTD/UTD), valid in regions I, II, III in Fig. 1 ) and those which are valid near the surface of the object (asymptotic theory of diffraction, Fock methods, valid in regions IV, V, VI in Fig. 1 ). None of these methods are valid in all regions around a cylinder and all suffer from significant shortcomings, as be discussed in the following Section.
Shortcomings in existing hiqh-frequency techniques

GTD/UTD
GTD and UTD solutions are field solutions, valid away from the convex surface. GTD, developed by Keller [3] in the 1950 s is valid in the deep-lit and deep-shadow regions (I and III in Fig. 1 ), but not in the transition region between the shadow and illuminated areas (region II in the same Figure) . In his UTD solution for plane-wave incidence, Pathak developed a method which accounts for the fields in the transition region (region II) [4] . In this approach a Watson-type transform is applied to the exact solution for a circular cylinder [2] , and the resulting integrals solved by making appropriate approximations depending on the point of observation. The resulting expressions consist of a Fresnel-type integral which dominates in the transition region and a Pekeris function which dominates in the deeplit region and should dominate in the deep-shadow region. Hussar and Albus [5] have shown that the Fresnel term in the UTD solution does not decay in the predicted fashion in the shadow region and thus the Pekeris term does not dominate as expected in this region. For source and/or observation in the near zone of the cylinder, the UTD solution is not asymptotic (in terms of cylinder radius) and significant error is observed in field calculations as cylinder radius increases. Examples in [5] show an error of greater than 10 dB in the shadow region near transition (the boundary between regions II and III in Fig. 1 ) which increases to near 40 dB in the deep-shadow region. In [5] , the Pathak formulation is adjusted with a correction consisting of an infinite series which produces very accurate results. The method is not valid however, for both source and observation very near the surface and the number of terms necessary for convergence of the series is directly proportional to the distance of both source and observation from the cylinder surface and increases as either one or both are moved away from the cylinder.
Asymptotic theory of diffraction: evaluation of Fock-type integrals
For observation points on or near the cylinder surface, asymptotic field solutions based on Fock theory [6] are usually applied. These solutions in general consist of solving the canonical Fock-type integrals, which are functions of a universal variable, in either a numerical fashion or by referencing tabulated data. In the deep-lit and deep-shadow regions these integrals reduce to an asymptotic and residue series, respectively. These integrals are highly oscillatory in nature and difficult to evaluate numerically. The universal variable is a function of the observation distance from the shadow boundary along the circumference of the cylinder. As observation moves into the lit region from the shadow boundary, the convergence properties of the Fock integrals degrade and eventually will fail to converge. As this is a function of distance from the shadow boundary, the point where the integrals will no longer converge is more localised to the shadow boundary as the cylinder radius increases. At this point in the lit region a transition must be made to the asymptotic series. For cylinders of large radii, this transition occurs at a point in the lit region where the asymptotic series does not converge well and a significant discontinuity in the surface current occurs. A method has been developed by Pearson [7] which improves the convergence properties of these types of integrals, but does not effect the region of convergence on the cylinder surface. Logan, in his extensive work on diffraction theory, has published tabulated data on the Fock integrals [8] for observation at and around the shadow boundary. The extent of the tabulated data into the lit region, however, is limited by the region of convergence of the Fock integrals.
As an example of the convergence problems of the Focktype integrals in the lit region, Fig. 2 shows the TM (incident electric field parallel to the cylinder axis) and TE (incident magnetic field parallel to the cylinder axis) current distributions, for cylinders of radius 10, 15 and 20l, generated by the Fock solution. Note that on these plots 0.25 corresponds to normal incidence, in the deep-lit region, with À0.25 and 0.75 both corresponding to the deepshadow region. What is apparent in these curves is the convergence problems of the Fock-type integrals in the deep-lit region, and the increasing region of nonconvergence as cylinder radius increases. While Fock functions and Fock integrals are described in more detail in Section 3.1 the reason for the convergence problems stems from evaluation of the Airy function and its derivative contained within the integrand of the Fock functions. As observation is moved more deeply into the lit region from the shadow boundary, the Fock integrand becomes more oscillatory, and evaluation of these Airy functions more difficult. The point in the lit region where the Fock integrals can no longer be evaluated is not deep enough into the lit region for the asymptotic approximation to the Fock integrals to be of practical accuracy. The effect of the nonconvergence of the Fock-type integrals on the total electric fields can be seen in Fig. 3 . In this Figure a comparison is shown of the total TM fields generated by the macromodelled currents, developed later in this paper, to those generated by the Fock current functions, for a cylinder of radius 15l. Observation is 1l off the surface of the cylinder. Note in these plots that À90 and +90 correspond to the deepshadow and deep-lit regions, respectively. Referring to the Fock currents in Fig. 2 , for a cylinder of radius 15l, it is apparent that the solution did not converge at near normal incidence, in the deep-lit region. This discrepancy is apparent in the accuracy of the total fields generated by these currents, as observed in Fig. 3 in both the deep-lit and deep-shadow regions. It can be shown by asymptotic evaluation of the radiation integrals that in the deep-lit and deep-shadow regions the main contributor to the scattered fields is the current in the deen-lit region, around normal incidence, the same area where the convergence problems arise in generating the Fock currents. This is evident in the total fields in Fig. 3 as the most significant error observed in Owing to the discussed shortcomings with current highfrequency techniques, it is desired to develop a method for predicting the fields scattered by a circular cylinder that is highly accurate and valid in all regions around the cylinder. If the induced surface currents could be calculated simply, quickly, and in an accurate fashion, fields in all regions around the cylinder could be calculated by application of the radiation integrals. With this as a motivation, a heuristic method is developed, which predicts the behaviour of the induced surface currents on a perfect electric conducting (PEC) circular cylinder, when excited by a plane wave at oblique incidence angles. The induced surface currents are decomposed in the manner of the physical theory of diffraction (PTD) [9] in terms of a uniform or physical optics (PO) component and a nonuniform or diffraction component. In using this decomposition the proposed method can be described as a form of PTD for convex surfaces. To predict these diffraction currents, a set of macromodels are developed using a combination of the asymptotic behaviour of the Fock currents [2, 4, 6] and the exact solution for oblique incidence. These macromodels are used to predict the high-frequency behaviour of the diffraction current as a function of k 0 a, where k 0 is the freespace propagation constant and a the cylinder radius, to a very high degree of accuracy. To predict the induced diffraction currents, these macromodels are simply applied to a set of reference data generated by the exact solution for a cylinder of moderate radius. These macromodels are valid for cylinders of radius a4l and the resulting total surface currents are highly accurate. The observed error in magnitude e 8 is less than À60 dB, where e 8 ¼ 20 log (8J ex 7À7J mm 8) and J ex and J mm are the exact and macromodelled total induced surface currents, respectively. The error in phase e + ¼ +J ex À+J mm is less than 0.11 everywhere except in the deep-shadow region.
Development of macromodel
Consider an infinite right-circular PEC cylinder, illuminated by a monochromatic plane wave, as shown in Fig. 4 . The cylinder is oriented along the z-axis with y i , defined from the z-axis and confined to the y-z plane and f defined from the x-axis and positive towards the y-axis.
The propagation constant of the plane wave k is defined as k ¼ Àk 0 cos y i # zÀk 0 sin y i # y. For the problem of an infinite cylinder the z-component of the propagation constant of the scattered field must match that of the incidence field, requiring that scattered fields be confined to the specular cone, as shown in Fig. 4 .
Decomposing the induced surface current in the manner of PTD we write the diffraction current J D as J D ¼ J ex ÀJ PO where J PO is the PO current given by
Depending on the polarisation of the incident field, on the cylinder surface
TM case ðtransverse magnetic to zÀaxisÞ; H 0 ðsin y iẑ z À cos y iŷ yÞ; TE case ðtransverse electric to zÀaxisÞ:
The objective is to macromodel
jc with algebraic expressions, which are in terms of k 0 a, and for the general case of oblique incidence and arbitrary polarisation. This is accomplished by simply applying appropriate scaling (expansion or contraction of co-ordinate f) and weighting (multiplicative factor) functions to a reference data consisting of the magnitude and phase components of the exact diffraction current for a specific radius cylinder. In practice, to apply the macromodel, reference data is generated for a cylinder of moderate k 0 a using the exact solution for normal incidence (2-D case). The macromodel is then applied to this reference data to generate extremely accurate surface currents for an infinite PEC cylinder of any radius larger than 1l and for the general case of oblique incidence.
In the remainder of this Section the Fock formulations for the generation of induced surface currents on a PEC cylinder are reviewed along with observations relevant to developing the macromodel. The macromodel will then be developed for the 2-D case (TM z and TE f currents only are excited) in both the shadow and lit regions. The macromodel for the 2-D currents is then extended to the case of oblique incidence in a simple fashion. All macromodelled currents, including the additional z-directed current excited at oblique incidence for the TE case, are generated from the reference data for a cylinder excited at normal incidence (2-D case). In all cases the macromodel is also applied to generate the induced surface currents on a half-cylinder (-p/2rfrp/2 in Fig. 4 ) and this current simply mirrored to generate currents around the full circumference of the cylinder. 
Fock theory
The macromodel of the diffraction current J D predicts the behaviour of this current as a function of k 0 a by observing the asymptotic behaviour in the analytical expressions for the Fock currents. These currents indicate the general behaviour of the diffraction current as a function of k 0 a for all regions on the cylinder surface. The analytical expressions for currents on the surface of a PEC cylinder are given by Pathak [4] . These expressions are a special case of the Fock currents in which the canonical Fock integrals are approximated by a Taylor-series expansion in the close neighbourhood of the surface and reduce to the Fock solution on the cylinder surface. In the shadow region the Fock currents for TM and TE cases are given by
where the subscript s denotes the shadow region. In (3) and (4) U i (Q 1 ) is the incident electric field for the TM case and the incident magnetic field for the TE case evaluated on the cylinder surface at the shadow boundary (point Q 1 ) shown in Fig. 1 . Also in (3) and (4),
, Z 0 is the characteristic impedance of free space andg gðZÞ and g(Z) are the Fock functions given bỹ
ÀjZt w 2 ðtÞ ð5Þ
where Z ¼ Àmf and is defined in the shadow region only, and w 2 is the Airy function as defined in [4] . In the lit region the Fock currents are given by
where the subscript l denotes the lit region and the incident field U i is evaluated at the point P on the surface of the cylinder, in the lit region, where the value of the induced surface current is desired. In (7) and (8) (ii) In the shadow region the Fock functions for both the TM and TE cases can be evaluated in terms of a residue series which is a function of Z. This indicates that the macromodel developed for the complex diffraction current in the shadow region is valid throughout the shadow region. (iii) The TM current, given by (3) in the shadow region and (7) in the lit region, has a weighting factor of k 0 /m. (iv) In the deep-lit regiong gðZ 0 Þ and g(Z 0 ) can be expanded into an asymptotic series given bỹ where the subscripts h and g indicate the highly oscillatory and gentle phase components of the current, respectively, the highly oscillatory phase terms are known in all regions.
In the lit region, c h (k 0 a, f) is simply the phase of the incident field or c h ðk 0 a;
and in the shadow, c h (k 0 a, f) is a linear-phase term given by c h ðk 0 a; fÞ ¼ k 0 af ð13Þ
The remaining gentle phase component c g (k 0 a,f) is monotonic in both the lit and shadow regions and this is the component of the phase which will be macromodelled.
2-D case, normal incidence
To generate diffraction currents for cylinders of arbitrary radius the macromodels are applied to reference data consisting of the diffraction currents from a cylinder of moderate radius, generated from the exact solution. The macromodels described in this Section are developed using reference data for the TM case from a cylinder of radius 20l and for the TE case a cylinder of radius 50l. Reasons for the choice of these cylinder sizes to generate the reference currents are given in more detail in Section 4.
Magnitude, shadow region:
To begin development of the macromodel for the diffraction current magnitude in the shadow region, we again note that the Fock currents in the shadow region can be evaluated in terms of a residue series, and thus the macromodel developed is valid throughout the shadow region. Recall that the factor m is proportional to (k 0 a) 1/3 and is implicit in the argument Z of both theg gðZÞ and g(Z) terms in (3) and (4). This implies a scaling of co-ordinate f by (k 0 a) 1/3 for both the TM and TE cases. For the TM case, a factor of (1/ m) is observed in (3) implying a multiplicative or weighting factor for the TM current of (k 0 a)
. Observation of (4) shows no weighting of the TE currents in the shadow region. Examination of diffraction currents generated by the exact solution, however, shows that the TM weighting factor is approximate and that there is a small weighting of the TE currents. Empirical expressions are determined, which are functions of k 0 a, to adjust for this. Applying these scaling and weighting factors we now define the macromodel in the shadow region, relating the diffraction current magnitudes on a cylinder of arbitrary radius a 2 to that of the reference cylinder of radius a 1 by
The weighting factor a For the TM case, we note that in the transition from shadow to lit regions the magnitude of the diffraction current is continuous across the shadow boundary; therefore (14) and (15) apply in the lit region at and very near the shadow boundary. However, for the TE case, the magnitude of the diffraction current across the transition from shadow to lit is discontinuous. The PO current for the TE case undergoes an abrupt transition from a constant in the lit region to zero at the shadow boundary. The exact TE current changes gradually and monotonically across the shadow boundary. Remembering that the diffraction current is defined as J D ¼ J ex ÀJ PO , the abrupt change in the PO current causes a phase reversal in the TE diffraction current and an abrupt change in the magnitude of the TE diffraction current across the shadow boundary. This can be seen in Fig. 5b . It was determined empirically by observation of the exact solution that, near the shadow boundary in the lit region, (14) and (15) where the subscript l, sb implies the lit region at the shadow boundary.
To define the magnitude of the diffraction currents in the deep-lit region recall that, in the deep-lit region, the surface currents are described by the asymptotic expansions of the Fock functions,g gðZ 0 Þ and g(Z 0 ) given in (9) and (10). The first terms in (9) and (10) are the PO currents, with higherorder terms defining the nonuniform or diffraction currents. In the deep-lit region, only the second terms in (9) and (10) are needed to evaluate the diffraction current. Substituting the second term in (9) and (10) forg gðZ 0 Þ and g(Z 0 ) in (7) and (8) and evaluating the resulting expression indicates that the diffraction current in the deep-lit region is weighted by a coefficient of 1/(k 0 a), implicit in the (Z 0 ) 3 term in the denominator of the second term in (9) and (10) 
). There is no scaling of the argument f in the deep-lit region for either the TM or TE case.
Having established the behaviour of the diffraction current magnitudes at the shadow boundary and in the very deep-lit region, a function must be specified to change from the shadow boundary to the deep-lit region and as a function of f. Defining the relationship between the diffraction current, magnitude in the lit region on a cylinder of arbitrary radius a 2 and the reference cylinder of radius a 1 as (20) are the powers of the scaling and weighting expressions for the TM and TE cases, and define the transition in the lit region from shadow boundary to deep lit as a function of f. Recognising that these functions ought to be very gentle, with known values at the shadow boundary (f ¼ 0) and deep-lit region (f ¼ p/2), sigmoidal functions are chosen to describe the transition. S l and W l are given by the following expressions: defined at the shadow boundary given in (18)). These coefficients as functions of k 0 a are given by
Phase, all regions:
Having developed an accurate model for the magnitude of the complex diffraction current, the next step is to macromodel the gentle phase component for the 2-D case, described in (11). This gentle phase component, c g (k 0 a, f), is monotonic for the TM case and piecewise monotonic for the TE case, as shown in Figs. 6a and 6b respectively. The observed behaviour of the Fock currents again allows for prediction of the asymptotic behaviour of this gentle phase factor in an accurate fashion.
In the shadow region, as already noted, a residue series is applied to calculate the complex surface currents. Recall that this residue series is a function of Z which again implies a scaling of the argument f, implicit in Z, by (k 0 a) (1/3) for both the TM and TE cases. This scaling was determined to be valid for the gentle phase function in the shadow region. In addition, it was also determined empirically that this scaling is an acceptable approximation in the lit region. While no weighting of the gentle phase component is implied by observation of the Fock currents, it was observed that a small offset of c g (k 0 a, f) as a function of k 0 a is necessary, and this offset is determined by observing the exact solution. Thus the expression relating the gentle 
Oblique incidence
To extend the macromodel to the case of oblique incidence for both polarisations, a comparison is made between the exact solution for a PEC circular cylinder, when excited at both normal and oblique incidences [1] . It is observed that the oblique solution can be obtained from that of normal incidence by making the following modifications:
k 0 a-k 0 a sin y i , incident wave simply 'sees' an effectively smaller cylinder a multiplicative, progressive phase factory e jk 0 cos y i z is added TE current is modified by sin y i (projection factor).
An additional z-directed current is generated for the TE case at oblique incidence angles. This current is not independent, and its dependence on J 
The derivative of (30) with respect to f is straightforward with the exception of two terms. These terms are the derivatives of the magnitude and gentle phase component of the reference cylinder, and their evaluation in terms of the macromodel is not obvious. These terms are given by
and (33) are derivatives of the entire argument and are therefore independent of k 0 a. We can therefore calculate these terms directly from diffraction current in the reference data. To do this we simply define the diffraction current in terms of its real and imaginary parts or J TE Df ¼ X þ jY . The derivative of the magnitude is then given by
and the derivative of the phase by
Validation and simulations
In the previous Section, a macromodel was developed which relates the diffraction current on a PEC cylinder of arbitrary radius a 2 to that of a reference cylinder of radius a 1 , for plane-wave excitation at oblique angles. In practice, this macromodel allows the complex diffraction currents for any cylinder with radius a 2 illuminated by a plane wave at oblique incidence to be generated from the diffraction current for a reference cylinder of radius a 1 when excited at normal incidence. The reference data is generated using the exact solution for a cylinder with a moderate value of k 0 a. In this Section, the validity and accuracy of the macromodel is examined by comparing the surface currents and near fields generated by the eigensolution with those of the macromodel for cylinders of radii larger than 1l. Figure 5 shows the macromodelled diffraction current magnitude for cylinders of radii 10l and 100l excited at normal incidence compared with the exact solution for the TM case (a) and the TE case (b). The horizontal axes in both Figures are the normalised angular dimension or f/2p with f/2p ¼ 0, 0.5 corresponding to the top and bottom shadow boundaries respectively. The reference cylinder radius a 1 was chosen to be 20l for the TM case and 50l for the TE case. The choice of radius for the reference cylinder is somewhat subjective but is based on maintaining high accuracy not only for cylinders of large electrical size, but also for cylinders down to a wavelength in radius. Both the gentle phase component and magnitude of the exact diffraction current have ripple in the deep-shadow region, caused by creeping wave effects, which can be seen in Fig. 5 . The larger the cylinder, the smaller (in amplitude) and more localised these oscillations are to the deep-shadow region (f/2p ¼ À0.25 in Fig. 5) . For large cylinders, the level of diffraction current at which this ripple takes place is very low and it is therefore unlikely that this ripple would affect the near field anywhere except perhaps very near the surface in the deep shadow, and this implies that a larger cylinder, for the reference cylinder, is optimum for minimising the error between the exact solution and the macromodelled current. Smaller cylinders however, mainly resulting from more dominate creeping wave effects, have more variation in the diffraction current in the vicinity of the shadow boundary, as a function of k 0 a, so too large a reference cylinder will not properly model the diffraction currents for cylinders of a smaller size. Thus the size of the reference cylinder is chosen to optimise accuracy as cylinder radius increases, while still being able to model cylinders of a more moderate radius.
Note that, in the reference data, the ripple in the deepshadow region is removed from both the magnitude and gentle phase components of the diffraction current, and the remaining curve extended by assuming a continuation of the slope of the remaining data. In addition, the macromodelled diffraction current for the TE case (Fig. 5b) shows noticeable error for the 10l cylinder in the lit region as normal incidence is approached (f/2p ¼ 0.25) and is attributed to increasing error in the value of the weighting factor a for decreasing k 0 a. In this region, the PO current is dominant and the error in the total current is still within the values described previously. In practice this has no effect on the accuracy of the total fields.
The error between the exact solution and the macromodel was investigated from a cylinder of 1l radius up to a cylinder with radius of 200l. In this range, the maximum error in magnitude in the total current (PO+diffraction) was À60 dB where the magnitude error is as previously defined or e m ¼ 20 log77J ex 7À7J mm 77. The phase error over this range was found to be less than 0.11 near the shadow boundary. Figure 7 shows an example of the macromo- Figure 7a and 7b show the magnitude and phase, respectively, of the total current for the TM case. Figure 7c shows the TE f-directed current with Fig. 7d showing the additional z-directed current for the TE case at oblique incidence angle. As can be seen, the macromodel agrees very well with the exact solution in all cases.
The accuracy of the total fields (incident+scattered) generated by the macromodelled currents is shown in Fig. 8 for the TM case (a) and TE case (b). The data shown is for a 100l cylinder excited at oblique incidence y i ¼ p/4, with fields 1l off the cylinder surface plotted. Results from the macromodel are again compared with the exact solution. The scattered fields for both solutions are generated by applying the radiation integrals to the exact and macromodelled total currents. The fields generated by the macromodel are in good agreement over the entire range shown for both the TM and TE cases. The macromodel was shown to produce near fields that are highly accurate over a dynamic range of greater than 85 dB for cylinders of up to 200l radius. The one exception to this is the TE fdirected near fields at oblique incidence. As the incidence angle approaches grazing, the TE PO current is attenuated by a sin y i factor. As this happens, the accuracy of the TE f-directed near fields is degraded. However, in the near field, the TE r-directed field is the dominate field component.
The results shown so far are for plane-wave incidence and near-field observation. By application of reciprocity [10] , source and observation may be switched and the case of far fields generated from a point source (small dipole) radiating in the presence of a convex surface may be investigated. It can be shown through reciprocity that for identical point sources the following relationship holds:
where E 1 , E 2 are electric fields caused by point sources with orientationl l 1 ;l l 2 , respectively. Ifl l 1 is radiating in the far field of the convex surface and the corresponding electric field E 1 is observed in the near field of the surface, it is equivalent to the plane-wave excitation problem with the incident plane wave weighted by the dipole field coefficients given by
where the vector r ¼ rr r is defined from the axis origin (always at the origin of the local radius of curvature) to the dipole position, l 1 is the dipole length, and I 0 is the dipole current magnitude. If l 2 is the orientation of a dipole radiating in the near field of the convex surface and knowing the plane-wave solution (36) can be solved for fields E 2 which are the far fields generated by an infinitesimal dipole radiating in the presence of a convex surface. Applying this technique far-field results for the 2-D case were generated for an infinitesimal dipole radiating in the presence of a 20l circular PEC cylinder, which can represent, the fuselage of an aircraft (12 m diameter at 1 GHz). The dipole is positioned at the top of the fuselage (x-axis, co-ordinates in Fig. 4 apply) , 0.1l away from the surface. Figure 9 shows the far-field patterns for three dipole orientations along with their corresponding positions. Figure 9a shows the result from a x-directed point source with Figs. 9b and 9c showing the results from a yand z-directed dipole. Note that the observation point is at the minimum for the standard far-field criteria of 2D 2 /l where D is the diameter of the cylinder. Again, the fields generated from the macromodel are in excellent agreement with those generated by the exact solution.
Summary
Motivated by the shortcomings in existing high-frequency techniques, an alternative method was sought to calculate the diffraction currents induced on the surface of electrically large PEC cylinders when excited by a plane wave at oblique angles. An approach to determining these diffraction currents has been presented which is based on the asymptotic behaviour of the Fock currents. The method presented is highly accurate, producing total near fields with a dynamic range of over 85 dB. The macromodel developed is algebraic in nature and simple to implement. The block diagrams in Figs. 10 and 11 outline the procedure to generate both the reference data and macromodelled surface currents, respectively. To generate these macromodelled surface currents, the following steps are taken:
(i) Generate reference data at normal incidence (a ¼ 20l for TM, a ¼ 50l for TE) using the exact solution. Remove oscillations in reference data in deep shadow and approximate by extending slope of remaining data.
(ii) Apply (14)- (17) and (18)- (25) to the magnitude of the reference data for normal incidence to generate the magnitude of the diffraction current in the shadow and lit regions, respectively, for a cylinder of the desired radius. (iv) To generate the TM z and TE f currents for oblique incidence simply apply the modifications given in Section 3.3. For the additional z-directed current generated at oblique incidence for the TE case, apply (29)-(35) to the reference data for normal incidence to generate the derivative of the f-directed current needed.
(v) Reference cylinder data is compressed as a function of f when macromodelling surface diffraction current on cylinders of larger radius than that of the reference cylinder. Because of this, the macromodelled data does not extend over the full range of the cylinder (deep shadow to deep lit).
To extend the macromodelled data to the full extent of the cylinder, simply assume a continuation of the slope in the lit and shadow regions, respectively. (vi) If higher sampling of diffraction currents is required, apply simple linear interpolation to the magnitude and (14) and (15) gentle phase component of the macromodelled current to generate additional data points.
